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The extent to which labelled zeatin was transported between 
the tissues and organs of cuttings of Vitis vinifera during a 
thirty-day period of cold storage was investigated. Very little 
transport occurred irrespective of the site of cytokinin ap-
plication. While acropetal and basipetal transport occurred 
when the zeatin was applied to the xylem and phloem respec-
tively, none of the applied label or the metabolites which 
were formed were detected in the buds of these cuttings. In 
all the plant material analysed, indications were that the ap-
plied zeatin was slowly metabolized to polar compounds 
which on paper chromatograms, developed with iso-propanol: 
25% NH40H:water (10:1:1 vol/vol), occurred between Rf 0 and 
0,4. 
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Die mate waarin radioaktiewe zeatien getranslokeer is tussen 
die weefsels en organe van steggies van Vitis vinifera 
gedurende 'n dertig-daagse periode van koelbewaring is 
ondersoek. Baie min translokasie het plaasgevind ongeag die 
posisie waar die sitokinien aangewend is. Terwyl akropetale 
en basipetale translokasie wei voorgekom het as die zeatien 
onderskeidelik aan die xileem en floeem aangewend is, is 
geen gemerkte zeatien of van die radioaktiewe metaboliete 
wat gevorm is, in die onbehandelde knoppe van sodanige 
steggies gevind nie. In al die plantmateriaal wat geanaliseer 
is, was daar aanduidings dat die toegediende zeatien stadig 
gemetaboliseer is tot polere verbindings wat op papier-
chromatogramme wat met iso-propanol:25% NH 4 OH:water 
(10:1 :1 vol/vol) ontwikkel is, tussen Rf 0 en 0,4 voorgekom het. 
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Introduction 
A number of investigations have shown that cytokinins ac-
cumulate in the xylem sap (Skene 1972; Hewett & Ware-
ing 1973) and xylem tissue (Van Staden & Dimalla 1981) 
of rootless, dormant cuttings when they are maintained 
at a low temperature for a prolonged period of time. At 
present the origin of these cytokinins which accumulate 
within the xylem is not known. Following experiments with 
cuttings of Vilis vinifera, Skene ( 1972) suggested that these 
compounds could come from a slowly dividing cambium. 
However, a contribution from the buds cannot be exclud-
ed, even though these organs apparently do not synthesize 
cytokinins (Van Staden 1979). Another possible source of 
cytokinins could be the bark (phloem and stem cortex), 
particularly as it appears as though this part of the stem 
could play an important role in regulating the levels of 
cytokinin in the xylem and/ or buds during different times 
of the plant's growth cycle (Van Staden & Davey 1981; Van 
Staden & Dimalla 1981 ). Currently it is not known to what 
extent cytokinins are transported between the different 
parts of the shoot when it is maintained at a low 
temperature. 
In the present experiments the extent to which 8[ 14C]t-
zeatin is transported between the different tissues and 
organs of grape cuttings during low-temperature storage 
was investigated. 
Materials and Methods 
Plant material 
One-year-old cutting~ of Vilis vinijera L., which contain-
ed an apical bud and 5 lateral buds, were collected in ear-
ly winter. The cuttings were stored with their cut ends in 
moist perlite at a high relative humidity at 5° C for 30 days. 
Prior to being subjected to cold storage 1 mm3 ( ± 50x103 
dpm) 8[14C]t-zeatin (specific activity 4,3 x 108Bq mmol-1) 
was applied to the xylem (after removal of a portion of 
the bark), the bark (after gently damaging the cork), and 
the central bud on each of 15 cuttings, respectively. In the 
case of the xylem and bark applications the labelled 
cytokinin was introduced about 6 em from the lower end 
of the cuttings which were approximately 30 em long. At 
the end of the storage period various portions of the cut-
tings were collected and deep-frozen until extracted and 
analysed for cytokinin activity and radioactivity_ 
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Cytokinin extraction and radioassay 
All plant material was homogenized with 800"/o ethanol and 
extracted for 24 hat 5° C. The extracts were filtered, and 
the residues washed with a further 100 cm3 of 800"/o 
ethanol. The combined ethanolic extracts were reduced to 
dryness at 35° C and the residues resuspended in 50 cm3 
800"/o ethanol. The pH of these extracts was adjusted to 2,5 
with dilute HC1, and the solution was passed through a 
Dowex 50 W- X8 (H+ form, 30 - 50 mesh) column at a 
flow rate of 50 cm3 h _,_ The column was washed with 
50 cm3 800"/o ethanol. Cytokinins were eluted from the col-
umn with NH40H (5 mol dm - 3). The ammonia was remov-
ed in an evaporator at 35° C and the residue resuspended 
in 2 cm3 800"/o ethanol. This extract was loaded onto What-
man no. 1 chromatography paper and the constituents in 
the extracts separated with iso-propanol:250"/o NH40H: 
water (10: 1:1 vol!vol). After drying, the chromatograms 
were divided into 10 equal Rf strips. Whenever the radioac-
tivity associated with the different Rf zones from paper 
chromatography was determined, a portion of each zone 
was incorporated directly into the glass scintillation vials. 
One cm3 of absolute methanol followed by 10 cm3 of scin-
tillation cocktail (4 g PPO and 0,2 g POPOP dm·3 
toluene) was then added to each vial. Samples were counted 
in a liquid scintillation spectrometer. Correction for quen-
ching was carried out using the channels ratio method. 
Where more information was required about the nature 
of the radioactive compounds, the relevant Rf zones were 
eluted with 800"/o ethanol and the concentrated ethanolic 
extracts then fractionated on a Sephadex LH-20 column 
(2,5 x 95 em) which was eluted with 100"/o methanol (Hut-
ton & Van Staden 1981). Fractions of 40 cm3 were col-
lected and an aliquot from each was dried in a scintilla-
tion vial in a stream of air. When dry, 1 cm3 ofmethanol 
and 10 cm3 of scintillation cocktail were added to each vial 
and the radioactivity then counted. 
Biological activity in the different Rf zones of paper 
chromatograms and the fractions collected from the 
Sephadex LH-20 column were estimated using the soybean 
callus assay (Miller 1965). 
Results 
During the course of the experiment no visible mor-
phological changes were observed in the cuttings. At the 
time of harvest it was difficult to strip the bark from the 
xylem. Consequently stem material (excluding buds) was 
collected as a unit from both above and below the sites 
of cytokinin application. 
Of the radioactivity recovered approximately 91 O"fo was 
associated with the Dowex-50 fractions of the different 
plant extracts. From Table 1 it can be seen that after 30 
days of cold storage almost all of this activity was still pre-
sent at the sites to which it was applied. While small 
amounts of radioactivity were detected in the stem material 
both above and below the sites of application, in none of 
the experiments any label was found in the untreated buds. 
When separated on paper with iso-propanol:250"/o am-
monium hydroxide: water (10: 1:1 v/ v) the radioactivity (ir-
respective of the amount recovered) in the Dowex-50 frac-
tions yielded two peaks, the relative ratios of which remain-
ed fairly constant in the extracts of the different material 
analysed. From Figure 1 it can be seen that in the case of 
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Table 1 Radioactivity detected in different parts of 
grape cuttings after the application of 8[14C]t-zeatin 
and storage at 5° C for 39 days 
Percentage radioactivity detected in treated and 
untreated material 
Site of Stem above Stem below 
8[14C]t-zeatin At site of Untreated site of site of 
application application buds application application 
Central bud 
on each 
cutting 99,35 0 0,34 0,31 
Bark 97,34 0 1,08 1,58 
Xylem 98,04 0 1,64 0,32 
The radioactivity recovered in the Dowex-50 fractions from treated and 
untreated material is expressed as a percentage of the total activity recorded. 
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Figure I Radioactivity detected in the buds to which 8[14C]zeatin was ap-
plied. Dowex-50 purified extracts were chromatographed on paper with 
iso-propanol:25"7o ammonium hydroxide: water (10: I : I v/ v) . I and 2 repre-
sent Rf zones which were eluted individually and subsequently fractionated 
on a Sephadex LH-20 column with IO"lo methanol. 
the treated buds 860Jo of the radioactivity co-
chromatographed with authentic zeatin and ribosylzeatin, 
while 130Jo was detected at Rf 0- 0,4. That the latter peak 
of radioactivity was not due to impurities in the labelled 
zeatin was established by both paper and column 
chromatography. By eluting a portion of the major 
radioactive peak, which on paper co-chromatographed 
with zeatin, with 800Jo ethanol and fractionating the con-
centrated eluate on a Sephadex LH-20 column with 100Jo 
methanol (Hutton & Van Staden 1981), it was found that 
970Jo of the recorded radioactivity co-eluted with authen-
tic zeatin (Figure 2B). When subjected to the same treat-
ment the polar peak (Rf 0 - 0,4) yielded one major ( 62 OJo) 
and a number of smaller radioactive peaks (Figure 2A). 
The major radioactive peak on the Sephadex LH-20 
column did not co-elute with any of the authentic markers. 
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Figure 2 Radioactivity detected in Rf zones I and 2 obtained as indicated in Figure I. The paper chromatographic zones were eluted with 800Jo ethanol, 
concentrated and then fractionated on a Sephadex LH-20 column with 10% methanol. Radioactivity in each 40-cmJ fraction was determined as described 
in the text. 
Using the soybean callus bioassay, cytokinin-like activity 
was detected in both the untreated buds and in stem 
material (Figure 3A & B). Within the buds three peaks of 
cytokinin-like activity were recorded while in the stems only 
one peak was detected. From the histograms it can be seen 
that the buds contained more cytokinins than the stem 
material. 
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Figure 3 Cytokinin-like activity in the untreated buds (A) (I ,5 g fresh weight) 
and internodal stem material (B) (25 g fresh weight) of grape vine canes 
after they had been stored at 5o C for 30 days. Dowex-50 purified extracts 
were separated on paper and the activity in each Rf zone estimated by us-
ing the soybean callus bioassay. 
Discussion 
The main reason for conducting these experiments was to 
establish whether or not cytokinins are transported be-
tween the different tissues and organs of rootless dormant 
cuttings when they are kept in cold storage for a prolong-
ed period of time. Such information could be useful in 
establishing the origin of the cytokinins which accumulate 
in the xylem under these storage conditions (Skene 1972; 
Hewett & Wareing 1973). The present data indicate that 
over a period of 30 days very little labelled zeatin was 
transported between the different organs and tissues of 
cold-stored grape cuttings. It thus seems unlikely that the 
high level of natural cytokinins which was detected in the 
buds could be attributed to transport from either the xylem 
or phloem during storage. Similarly, the accumulation of 
cytokinins in the xylem sap of grape cuttings previously 
reported by Skene (1972), does not seem to be the result 
of movement from the buds, at least not during the period 
for which this investigation was conducted. In agreement 
with previous reports where labelled kinetin and ben-
zyladenine were used (Loomis & Torrey 1964; Pieniazek 
1964; Radin & Loomis 1974) evidence was found that the 
applied cytokinins, and the metabolites formed from them, 
moved both basipetally and acropetally when applied to 
the xylem and phloem material. To what extent lateral 
transport between the xylem and phloem takes place is, 
however, not known. Such information is necessary if the 
hypothesis, that a slowly dividing cambium is responsible 
for the accumulation of cytokinins in the xylem sap of cold-
stored grape cuttings (Skene 1972), is to be evaluated pro-
perly. While the present experiments do not seem to in-
dicate a great deal of transport in cold-stored cuttings of 
grape, the possibility of this occurring at a later stage can-
not be eliminated. Anatomical work by Esau ( 1948) on the 
phloem structure of grape shoots during different seasons 
have indicated that Vi tis contrasts with most plants in hav-
ing sieve tubes that pass through more than one period of 
activity. Before the onset of winter dormancy the sieve 
tubes of Vilis develop provisional (dormancy) callose. One 
outstanding feature of the reactivation process is the 
removal of this callose. This reactivation seems to start 
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about two weeks before the commencement of cambial 
division and is apparently not localized in relation to bud 
growth (Esau 1948). It thus seems likely that the reactiva-
tion process which involves the gradual dissolution of the 
dormancy callose, and increased transport, could con-
tribute to the accumulation of cytokinins in the xylem. 
Within the literature there are a number of reports which 
favour the bark tissues as a possible source of cytokinins 
within the stem. Cytokinins and in particular bound or 
storage forms have been detected in the phloem (Vonk 
1974; Van Staden 1976). In addition it has been shown that 
in cold-stored almond shoots the cytokinin levels within 
the bark decreased while those in the xylem increased (Van 
Staden & Dimalla 1981). 
The labelled zeatin applied to the different plant tissues 
was metabolized slowly. Within the buds only 130Jo of the 
recovered radioactivity was associated with the metabolites 
which were formed during the 30-day storage period. The 
major metabolite did not co-elute with any of the authen-
tic markers used to calibrate the Sephadex LH-20 column. 
In view of its elution volume it would, however, appear 
as if it could be an oxidation product of zeatin (Van Staden 
1981). 
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